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I. INTRODUCTION
Magnetostrictive-piezoelectric laminates exhibiting magnetoelectric (ME) effect have recently drawn increasing interest due to their potential for many modern devices, such as sensors, gyrators, energy harvesters, etc.
1,2 A typical ME laminate comprises two parallel identical magnetostrictive plates separated by a piezoelectric layer. Its sensitivity is described by the electric-field ME coefficient, a E , relating the induced electric field to the applied magnetic field. The existing expression for a E (Refs. [1] [2] [3] [4] [5] neglects the finite laminate size and its shape. However, experimental study (see, e.g., Ref. 6 and our data discussed in the following) shows that the laminate size and shape have a considerable effect on the ME coefficient.
An important factor affecting the ME coefficient is the shape demagnetization. Considering it, the reduction of the magnetic fields within the ferromagnetic layers and the corresponding reduction of a E can be taken into account. The above-mentioned field reduction can be approximated via the magnetometric demagnetizing factor, N m , 7,8 relating the average magnetic field within each ferromagnetic plate to the external uniform magnetic field. For two parallel ferromagnetic plates, N m depends on the plates' shape (being different, e.g., for prism and disk), their magnetic state (saturated or nonsaturated), and the distance between the plates.
It is a difficult task to find a general analytical solution for N m in the above-mentioned case. To the best of our knowledge, existing literature suggests solutions only for single prisms or cylinders. 8, 9 In this paper, we are bridging this gap and report on an analytical solution for N m for two parallel rectangular ferromagnetic prisms. We assume that the prisms' material is close to magnetic saturation, so its relative magnetic permeability l r is rather low for small ac fields. This matches the magnetization quiescent points of ME sensors in practical applications.
The found magnetic field reduction is used to correct the a E coefficient. The obtained analytical results are compared against numerical calculations based on a finite-element method (FEM) software. The corrected a E is compared with the measured one for a variety of ME laminate samples. Good agreement among the theory, numerical calculations, and experiment has been obtained.
II. DEMAGNETIZING FACTORS
To derive an expression for the magnetometric demagnetizing factors, the average magnetic field within each magnetic plate should be found. To alleviate the estimation of the average magnetic fields, we impose the following practical restrictions.
For a polycrystalline magnetostrictive ferromagnetic, pseudopiezomagnetic coefficient q, which is a factor in the expression for a E , (Refs. 1-5) can be estimated by
where k is the magnetostriction coefficient averaged over the crystallographic axis of the easy magnetization, M s is the a)
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0021-
To reduce the demagnetization, ME sensors are elongated and directed along the H and h ext fields. In such a case, the demagnetization can be estimated by employing the perturbation theory in the magnetostatics integral equation,
Here, r is an observation point, r 0 are the points inside the ferromagnetic plates, V is the joint domain of the ferromagnetic plates, l 0 is the vacuum permeability, and the subscripts i and k denote the Cartesian components.
Iterating it once around
where M H 
In Eqs. (3) and (4) we consider only one component of tensor N ik , because the leading term in the products of all its other components and MðH ext i Þ equal zero in Eq. (3). Taking into account that, about the quiescent point, the magnitude of M is nearly constant over the plates' domains and averaging Eq. (3) over a single plate volume V 1 , we obtain the magnetometric demagnetization factor along the i axis,
For two identical rectangular prisms with dimensions l Â w Â t m , separated by a nonmagnetic layer of thickness t p , the integration in Eq. (5) 
We assume that Eq. To compare between the analytical approximation of hr i i and its numerical calculations, we have solved an example given in Table I for two ferromagnetic plates with l r ¼ 2.5, width w ¼ 6 mm, and thickness t m ¼ 0.5 mm, separated by a piezoelectric layer with thickness t p . The numerical values are denoted by overtildes ( $ ). The external magnetic field is applied along the laminate length. To find the theoretical values of N m i and hr i i in Table I , we have used Eqs. (6) and (7). To find the numerical values hr i i of hr i i, we have used the COMSOL three-dimensional FEM software.Ñ m i in Table I have been obtained by solving Eq. (7) for given hr i i. Table I demonstrates close agreement between theoretical and numerical results. This agreement is especially close (better than 98.5%) for the reduction factors hr i i because, for v r N m i ( 1, which is the case of Table I, Figure 1 shows that considering the shape demagnetization improves the agreement between the theory and experiment. The improvement is a especially noticeable for l=2t m < 40.
IV. CONCLUSION
An analytical expression has been obtained to describe the magnetometric demagnetizing factors N m i for two parallel rectangular ferromagnetic prisms. This description is a natural extension of the expression for a single ferromagnetic prism. 8 For t p ! 0 or t p ! 1, the solution for two plates can be replaced by that for a single plate with the thickness of either 2t m or t m , respectively. For these two extreme cases, our expression for N m i becomes identical to that given in Ref. 8 . It has been shown that, under the given conditions, N m i and l r determine the average magnetic field inside the plates that is induced by a small applied external field. The obtained relation between the internal and external magnetic fields has been used to correct the existing expression for the ME coefficient. The corrected ME coefficient agrees well with our experimental data.
Our Eqs. (6) and (7) show that the shape demagnetization for two separate ferromagnetic plates is always weaker than that for a single plate with a double thickness. For this reason, it is better to use in ME sensors two thin magnetic layers instead of a thick one.
